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000 PROGRAM INITIATION OOO00000000000000000000000000
The Illinois Gypsy Moth Research and Education Program was initiated
October 4, 1982, at the request of Governor James R. Thompson. This
followed the 1981 gypsy moth trapping survey that captured 2,634 male moths
in 84 communities in 13 Illinois counties. Most of the moths were caught
in the Chicago region of northern Illinois, but others were trapped at
locations as far west as Rock Island and as far south as Salem. The
accidental transport into Illinois and dispersal within the state is due
entirely to man's activities, since the female gypsy moth cannot fly.
Project Goals:
1. Develop a high-quality educational program for the people of
the State of Illinois so that they may learn to manage the gypsy moth.
2. Develop computerized data bases on the biology of the gypsy moth and
on the potential environmental and economic impacts of tree defoliation
and pest control programs.
3. Develop a research program emphasizing biological controls for
the management and suppression of the gypsy moth.
The concepts used in developing the educational portion of the Illinois
gypsy moth program were based on previous experiences reported by eastern
states. Without question, the greatest problem in gypsy moth control
programs in the eastern United States has been a lack of public
understanding of the gypsy moth and the control strategies used against it.
In Illinois, we hope to avoid this problem through the development of a
varied and comprehensive educational program designed to acquaint the
Illinois public with gypsy moth ecology and with strategies used to control
the insect.
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The Illinois research program on the gypsy moth contains several new
approaches. A forest risk assessment scheme is being developed before the
gypsy moth becomes abundant and widespread. Risk assessment techniques
used in the eastern United States are being modified to fit available data
for Illinois forests and parks. These studies will allow us to identify
problem areas that should receive special attention when the moth disperses
into these areas.
Several biological control agents having potential against the gypsy
moth in Illinois are being studied. Research on microsporidian pathogens
infectious to the gypsy moth, which have never been studied in North
America, is emphasized. Other pathogens such as bacteria and viruses,
predatory beetles, parasitoid wasps and parasitic nematodes are also being
reared for laboratory studies, field trials, and possible future release in
Illinois.
Additional research includes the ecology and behavior of the gypsy
moth, developmental rates and survival of gypsy moth larvae on trees
subjected to environmental stresses, and survival of overwintering eggs.
The impact of aerial spraying of Bacillus thuringiensis in conjunction with
mass pheromone trapping is being assessed for gypsy moth control.
An integrated pest management program for the gypsy moth will be
developed with knowledge gathered from the various research projects, the
history of gypsy moth infestations in the eastern U.S. and Illinois forest
risk assessment computer models. An effective program is best accomplished
with support from a well-informed public. Continued research into methods
of suppressing the gypsy moth in Illinois, accompanied by ongoing
educational programs should lessen the impact of this detrimental pest.
w'
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000 PROGRAM ACCOMPLISHMENTS OOODOOOOOOOCCOOOO O 00
COORDINATION OF STATE AGENCIES
The Illinois Gypsy Moth Working Group, formed in September, 1982, is
composed of representatives from the Illinois Department of Agriculture
(IDA), Illinois Department of Conservation (DOC), United States Department
of Agriculture (USDA), University of Illinois Cooperative Extension Service
and the Natural History Survey Division (INHS). This group meets every
three months to discuss program results, policy, and responsibilities of
the various state agencies involved in the gypsy moth problem.
EDUCATIONAL ACHIEVEMENTS
1. A multi-media program entitled "The Gypsy Moth: A Threat to Illinois
Trees" has been produced and is now available for viewing by interested
groups in Illinois.
2. Identification display mounts of the four gypsy moth life stages and
life cycle have been assembled and are being distributed to personnel
in the Departments of Agriculture and Conservation, to all county
Cooperative Extension Service offices and District Foresters, and to
municipalities with gypsy moth infestations.
3. Two articles on the gypsy moth appeared in publications that have a
wide circulation in Illinois.
4. Three displays showing the life cycle of the gypsy moth and several of
the biological control agents that reduce gypsy moth populations have
been constructed. One is permanently housed in the foyer of the
Natural Resources Building in Champaign. The second display will be
exhibited at the Illinois State Fair before being installed in the
entrance foyer of the Illinois Department of Agriculture Building,
Springfield. The third is a portable exhibit that accompanies the
multi-media program.
5. A new Illinois policy allowing municipalities to decide if they desire
a spray program has been implemented. This policy further requires
that only Bacillus thuringiensis may be used in spray programs
supervised by the Illinois Department of Agriculture and United States
Department of Agriculture.
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RESEARCH ACHIEVEMENTS
1. A gypsy moth risk assessment of 66,000 acres of Illinois forested land
representing 37 separate forest stands in 33 counties was completed.
2. Strains of Bacillus thuringiensis suspected to be highly virulent to
the gypsy moth were bioassayed in collaborative research with Abbott
Laboratories, North Chicago.
3. Several species of microsporidia were found to be infectious to the
gypsy moth.
4. Rearing facilities for predatory beetles in the genus Calosoma are
being developed.
5. Laboratory cultures of two species of wasps that parasitize gypsy moths
were established. Apanteles melanoscelus parasitizes gypsy moth
larvae, and Ooencyrtus kuwanai is a parasitoid of gypsy moth eggs.
Research demonstrated that A. melanoscelus can successfully complete
development in a gypsy moth larva infected with a microsporidian
pathogen, indicating that these two biological control agents would
probably be compatible for use in an integrated pest management
program.
6. Gypsy moth larvae were successfully parasitized in the laboratory by a
species of Neoaplectanid nematode.
7. Microsporidian spores fed to English sparrows and white-footed mice
remained infectious after passing through the digestive tracts of these
animals.
8. Experiments were conducted on the effects of air pollutants on gypsy
moth larvae.
9. Experiments which investigated the effects of air pollutants on the
susceptiblity of plants to attack by the gypsy moth were conducted.
w
000 PERSONNEL COLLABORATION AND PROGRAM SUPPORT 000000000
Work in the Illinois Gypsy Moth Research and Education Program is
supervised by three PhD scientists, Drs. Jeffords, Appleby and Maddox. Dr.
Michael R. Jeffords, ecologist, is the only professional scientist employed
full-time on the gypsy moth project. Dr. James E. Appleby, forest
entomologist, devotes at least one-half of his time to the gypsy moth
program, and Dr. Joseph V. Maddox, insect pathologist, has responsibilities
to two other projects in addition to the gypsy moth. Drs. Appleby and
Maddox do not receive salary from the gypsy moth project. One full-time
secretary, Ms. Brenda Peters, and four full-time technicians, Ms. Karen
O'Hayer, Mr. Gerald Lepar, Ms. Laurie Case, and Ms. Janet Wissmann are also
part of the gypsy moth project. In addition, there are three part-time
support staff, Ms. Jenny Kogan, Ms. Laura Walsh and Ms. Carol Annelli.
STRUCTURE OF ILLINOIS GYPSY MOTH PROGRAM
Staff and professional associates who have contributed to the project
during the first year are: Dr. William G. Ruesink, Mr. David L. Swofford,
Ms. Ellen Brewer, Section of Economic Entomology, Dr. Tony Endress, Section
of Botany, Mr. Larry Gross, Mr. Christopher Rohl, Mr. James McNamara, INHS
Operations Staff, and Dr. Roscoe Randell, University of Illinois Extension
Specialist in Entomology. Illinois Department of Agriculture personnel
include Mr. William Anderson, Mr. Stanley Smith and Mr. Norm Seaborg. Mr.
David Gillespie and Mr. Dick Little, Illinois Department of Conservation
(members of the Illinois Gypsy Moth Working Group) have provided maps,
forest inventory data and seedling trees to assist the research program.
Dr. Charles Schwalbe of the USDA Forest Service, Otis Air Force Base,
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Massachusetts, provided specimens of Ooencyrtus kuwanai, and Mr. Dick Kling
of the Pennsylvania Bureau of Forestry provided specimens of Apanteles
melanoscelus. Dr. Harry Valentine of the USDA Forest Service, Connecticut,
visited Champaign to assist in developing procedures for the forest risk
assessment research. Mr. Lynn Oglesby of the USDA-Animal and Plant Health
Inspection Service, Bourbonnais, Illinois, and Mr. Kenneth Kruse, Area
Director, USDA, APHIS, PPQ, were involved in several planning discussions
with Illinois Department of Agriculture and Natural History Survey
personnel.
w
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PUBLIC EDUCATION AND SERVICE
Undoubtedly, the greatest flaw in gypsy moth control programs in the
eastern United States has been a severe lack of public understanding, both
of the control strategies used against the gypsy moth and of the moth
itself. In Illinois, we hope to avoid similar problems by establishing a
varied and comprehensive educational program designed to acquaint residents
of Illinois with the ecology, bionomics and control of the gypsy moth.
I
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CITIZENS OF ILLINU01
0•0 MULTI-MEDIA PROGRAM ,000D00000•l•l0[1-• E-'0
In business education, programmed, multi-media presentations have long
been an integral part of sales promotion training. Multi-media is an
extremely flexible medium of communication because it has the ability to
manipulate images in innumerable unique ways. It can provide educational
benefits that most single-image presentations, such as slides, films or
video simply cannot. The visual information to be presented is arranged in
a more sophisticated manner, and a unit of information can be presented in
its entirety or broken down into individual components. Such techniques
improve a viewer's retention and enhance perception while aiding in the
organization of complex information into a unified whole. The time needed
to create impressions is greatly compressed by the creation of interest and
excitement within the viewer.
A multi-image slide program entitled "The Gypsy Moth: A Threat to
Illinois Trees" has been produced at the INHS and is now available for
presentation to interested groups in Illinois. The program covers the
history of the gypsy moth in the United States and its spread into
Illinois. The impact of the gypsy moth on forests and the human population
is discussed, and the life cycle of the insect is presented in detail.
Equipment required for the
production and presentation
of the program includes a
precision-aligned slide
projector system, a micro-
processor control unit,
and an audio tape drive.
Emphasis is placed on the population dynamics of the gypsy moth and on
natural mortality factors including weather, predators, parasitoids and
disease. Factors which make an area susceptible or resistant to gypsy moth
attack are examined, including the urban environment, which is especially
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susceptible. Tactics that an individual homeowner can employ to detect and
manage the gypsy moth are covered, as well as tactics available to
municipalities for gypsy moth control. The concept of Integrated Pest
Management (IPM) is stressed as the only alternative to complete reliance
on chemical control.
"The Gypsy Moth: A Threat to Illinois Trees" has been produced in two
lengths to accomodate various types of audiences. Program I is 33 minutes
in length and includes a discussion of available control measures for the
gypsy moth and addresses the dangers of over-reliance on pesticides and the
need for an IPM approach. Program II is 26 minutes in length and is a more
general treatment of the same material. Either program will be shown to
interested groups by one of the gypsy moth staff members. Because of its
extreme flexibility, this program will continue to evolve as new
information becomes available on the gypsy moth in Illinois.
A portable display of the gypsy moth accompanies the multi-media program.
w
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00D PUBLIC PRESENTATIONS CICDIDDDDCODDCCODODOCDDDD
Several formal presentations were given by the gypsy moth researchers
in 1983. Three representatives of the Chicago Citizens for a Better
Environment visited the Natural History Survey and were presented with a
detailed explanation and tour of the gypsy moth research project. A
similar tour and lecture was given to a group from the Illinois
legislature. These formal presentations included information on risk
assessment of Illinois forests, gypsy moth rearing and the use of insect
pathogens in biological control.
A summary of the gypsy moth research project was presented in a Joint
Meeting of the Illinois Department of Conservation and the INHS. The talk
emphasized the cooperative nature of the project, and indicated how data
obtained from various state agencies are being used in the gypsy moth
project.
The initial showing of the multi-media program occurred at the
convention of the Garden Clubs of Illinois, Inc. in Schaumburg, on April
26. Nearly 400 people viewed the program and many commented favorably on
its content and quality. Present at the meeting were Mr. Norm Seaborg from
the Illinois Department of Agriculture and Mr. Steve Brown from the
Department of Energy and Natural Resources. Mr. Brown subsequently
published an article on the presentation in the DENR Newsletter. A copy of
the article is included in the addendum to this report.
In conjunction with the University of Illinois, we produced a short
T.V. segment on the INHS. One sequence dealt with the gypsy moth in
Illinois and its potential impact on the state. The program was aired
during half-time of a regionally televised University of Illinois
basketball game at Urbana/Champaign.
w
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The first step in dealing with any insect invader is its correct
identification. To insure proper identification, display mounts containing
freeze-dried specimens of a iife stages of the gypsy moth are being
produced. The specimens are very ife-like and can be replaced in the
mount as they fade with age. Currently, these displays are held by the 35
district foresters in Illinois and by Illinois Department of Agriculture
and Department of Conservation personnel. Displays are being distributed
to all county extension agents by University of Illinois Extension
specialists in Entomology and to district foresters and municipalities
which have had a history of gypsy moth problems by Illinois department of
Agricutlure Plant Inspection personnel.
Identification mounts contain the various stages of the gypsy moth life cycle.
'C
DU 11
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A gypsy moth display was placed in a prominent area in the foyer of the
Natural Resources Buildng at Champaign, IL, in November, 1982.
Freeze-dried specimens of the various life stages of the gypsy moth are
shown accompanied by labels that give descriptive information about each
stage. Colored photographs showing extensive gypsy moth defoliation of
forested areas in the eastern states are included. The display has been
well received by visitors coming to the Natural History and Geological
Surveys. A similar but more comprehensive display showing some of the
important predators and parasites of the gypsy moth is currently being
constructed for the foyer of the State of Illinois Agricultural Building at
Springfield. This display will be part of the Department of Agriculture's
exhibit at the Iilinois State Fair in August, 1983. We believe the
displays are an important tool in our public education program, and that
the State Fair will provide us with an opportunity to increase public
awareness of the gypsy moth problem.
A permanent display is
housed in the Illinois
Department of Agriculture
Building, Springfield.
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000 POPULAR ARTICLES D00000D00000DC]O000D OOODOOO
An article on the gypsy moth appeared in the May-June issue of Illinois
Magazine. The biology of the gypsy moth was detailed and the life stages
were depicted in color on the back cover. The susceptiblity of Illinois
forests to gypsy moth attack was briefly discussed along with tactics the
homeowner may use to detect and combat gypsy moths. Magazine articles,
particularly those with a distribution limited to Illinois, provide an
excellent means of dispersal for relevant information on the gypsy moth. A
copy of the May-June issue of Illinois Magazine is attached as an addendum
to this report.
OOO NATURAL HISTORY SURVEY REPORTS -0000 0B00000
The March-April 1983 issue of the Natural History Survey Reports
contains an article on the history of the gypsy moth pheromone trapping
program in Illinois (see Addendum). The information reported was provided
to Natural History Survey scientists by the Illinois Department of
Agriculture. The Natural History Survey Reports has a circulation of 4500
and is sent to legislators, scientists, interested Illinois citizens, and
to libraries throughout the United States. The results of current research
on the gypsy moth will be featured in future articles. We believe it is
important to inform other research institutions and the public of our
findings.
wr
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RESEARCH
A varied and comprehensive research program on the gypsy moth has been
implemented to gather data for the development of an integrated pest
management (IPM) program for the state of Illinois. Various biological
control agents and other tactics such as mass pheromone trapping are being
assessed for their use and compatability in such a program. Illinois
forests are being assessed for their susceptibility to gypsy moth attack,
and Illinois gypsy moth populations are being monitored. These research
programs provide knowledge essential to the implementation of a successful
IPM program for the gypsy moth in Illinois.
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000 OVERWINTERING SURVIVAL OF GYPSY MOTH EGG MASSES On000000
Gypsy moth egg masses are laid during July and August. The larvae
develop within the eggs, but do not hatch until the following spring. The
gypsy moth overwinters as a fully-developed first instar larva within the
egg shell. An egg mass may contain from several hundred to one thousand
eggs.
With the help of Illinois Department of Agriculture personnel, gypsy
moth egg masses are collected each year in northern Illinois and incubated
until hatch at the Champaign laboratory to obtain information on
overwintering mortality. This information, in conjunction with data from
the Illinois Department of Agriculture's pheromone trapping program,
provide an indication of gypsy moth population trends in the state.
Gypsy moth egg mass
The results of these egg hatch studies for 1982-83 are shown in
Table 1. Egg masses collected in April, 1982 at Wood Dale, Illinois
contained developed larvae, but all were dead. No parasitoids or diseases
were found. The death of the larvae may have been due to the severe low
temperatures which occurred in the Chicago area during the winter of
1981-82.
Egg masses collected in April, 1983 in Wheaton, Illinois, following the
relatively mild winter of 1982-83, contained a large percentage of eggs
which hatched.
Egg masses collected at Rathje Park in Wheaton in December of 1982
contained only a very small percentage of viable eggs. The reasons for the
poor egg hatch in this case are not clear. We hope to gain a better
understanding of the factors that influence viability of overwintering eggs
through future research.
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TABLE 1. Observations of 12 gypsy moth egg masses collected in the Chicago
region during 1982-83 and incubated in a growth chamber at Champaign,
II.
EGG MASS DATE NO. EGGS PER % EGGS NUMBER OF EGGS
LOCATION NO. COLLECTED INDIVIDUAL MASS HATCHED DISEASE PARASITES
Wood Dale 1
2
3
4
5
6
4-28-82
II
697
1237
997
1045
1271
772
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
Rathje Park 7 12-23-82 239 2 0 0
Wheaton
8 " 1238 0 0 0
9 " 693 0 0 0
Memorial Park 10
Wheaton
11
12
4-8-83
II
442
333
290
76
63
99
0
0
0
0
0
0
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010 MASS PHEROMONE TRAPPING AND Bt SPRAYS
FOR GYPSY MOTH CONTROL 0000000000000000000000
A cooperative gypsy moth control experiment is being conducted during
the summer of 1983 with the United States Department of Agriculture and the
Illinois Department of Agriculture. This experiment is designed to test
the effectiveness of combined mass pheromone trapping and Bacillus
thuringiensis (Bt) sprays in five locations in Illinois. These areas were
treated with two aerial applications of 16 BIU of Bt and are being trapped
at the rate of three synthetically-baited pheromone traps per acre. No
male moths have been caught during the first two weeks of trapping.
OO- FOREST RISK ASSESSMENT -D [-[D-DD000 000] 000000
All tree species and forest types are not equal with regard to
potential gypsy moth attack. Foliage preferences of the gypsy moth and
forest stand characteristics have been incorporated in a risk assessment
model for Illinois forests. A characteristically susceptible forest grows
DRY, ROCKY RIDGES
SUSCEPTIBLE
WELL-DRAINED, LOAMY SOILS
NON-SUSCEPTIBLE
DRY, SANDY SOILS
SUSCEPTIBLE
Factors which influence forest susceptibility to gypsy moth attack include
topography, soil type, and tree species composition.
on sites with dry, sandy soils, or on ridge-tops with thin, rocky soil.
The individual trees have structural features such as bark flaps, crevices,
wounds and curved trunks which provide hiding places for gypsy moth larvae.
-17 E
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Conversely, forests that are resistant to perennial gypsy moth defoliation
grow on deep, loamy soils with sufficient moisture. The trees have good
growth rates and lack the structural features which harbor caterpillars.
Trees growing in urban sites are.nearly always susceptible because of the
extreme environmental disturbance that has occurred in these areas.
One risk assessment scheme for Illinois forests uses the parameters of:
1) species composition, 2) forest topography, 3) soil type and 4) tree
growth rates and structural features. The data base for this method
originates from the Illinois Forest Inventory Data Processing System
(IFIDAP) provided by the Illinois Department of Conservation. Computer
tapes which contain tree species data and tree growth rates for individual
sites are sent periodically to the INHS computer lab for processing.
Topographic data and soil types are obtained from detailed maps provided by
the Illinois Geological Survey.
FIGURE 1.
FACTORS WHICH INFLUENCE SUSCEPTIBILITY
OF FORESTS TO GYPSY MOTH ATTACK
WEIGHTING
VALUE FACTOR SCORE
* MAJORITY OF TREES NON-PREFERRED +1 +4
*EQUAL NUMBERS OF TREES 0 X 4 = oNON-PREFERRED & PREFERRED
* MAJORITY OF TREES PREFERRED -1 -4
*FLAT TERRAIN +1 +3
*ROLLING TERRAIN 0 X 3 = 0
*ROUGH TERRAIN -1 -3
*POORLY-DRAINED SOIL +1 +2
* MEDIUM-DRAINED SOIL 0 X 2 = o
* WELL-DRAINED SOIL -1 -2
*LESS THAN 45% OF SUSCEPTIBLE +1 +1
TREES WITH STRUCTURAL FEATURES
*45-50% OF SUSCEPTIBLE 0 X 1 0
TREES WITH STRUCTURAL FEATURES 1 = 0
*GREATER THAN 55% OF SUSCEPTIBLE -
TREES WITH STRUCTURAL FEATURES - -1
MOST RESISTANT LEAST RESISTANT TOTAL
+10 -10
Each parameter is weighted according to its importance to the gypsy
moth (Fig. 1 ). The range of conditions under each parameter is indicated
by values of +1,0 or -1. Negative values indicate conditions favorable to
the gypsy moth. Parameter ranking values (4,3,2,1) are multiplied by
condition values (+1,0,-1) and summed for all parameters to give a possible
range from +10 to -10 for each forest stand. Plus ten indicates a highly
resistant forest, while negative ten indicates a highly susceptible stand.
Currently, 66,000 acres of forested land representing 37 separate
stands in 33 counties (Fig.2) have been rated as to their potential for
defoliation by the gypsy moth. Twenty-nine percent of the stands were
rated as moderately to highly resistant, 20% intermediate between resistant
and susceptible, and 53% were shown to be potentially highly susceptible to
attack. These latter areas are in the Shawnee National Forest and in the
northwestern part of the state.
FIGURE 2. The susceptibility * Forest
of a sample of 66,000 acres in Rs
l
of Illinois forests to gypsy moth
attack determined by the
Illinois Forest Risk
Assessment Model
80.
S60.
*40.0
20
* 20,
Most -
Categories of
Resistance to Defoliation
A computer program has been written which uses data from IFIDAP to
analyze forest stands with respect to tree species composition and tree
condition. We are in the process of developing a second, more
sophisticated and comprehensive model for predicting risk to forested areas
in Illinois, based on models developed by researchers in the northeastern
United States and utilizing data available from the IFIDAP system and from
the U.S. Forest Service Continuous Forest Inventories.
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The gypsy moth has been in culture at the INHS since the spring of
1982. The insect is reared on artificial diet in special growth chambers
which provide semi-quarantine conditions. A large, healthy culture is an
absolute necessity for the success of this project and is the hub of much
of the research work. Colonies of short and normal length diapause strains
are maintained, and all life stages are available throughout the year.
Gypsy moths have a variety of uses in the educational program.
Freeze-dried specimens are used for the identification mounts which are
being distributed throughout the state, and the colony provides a ready
source of material for still and motion picture photography.
A large, healthy gypsy moth culture Is the hub of much of the public
education and research work.
Gypsy moth larvae from the culture are used as test animals in
biological control research. A large collection of microsporidia, isolated
from other species of lepidoptera, is maintained in liquid nitrogen.
Several species of microsporidia are being systematically screened for
their infectivity and virulence against the gypsy moth and for their
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ability to be transmitted from female gypsy moths to their progeny. New
strains of Bacillus thuringiensis, a bacterial pathogen, are also being
tested for their virulence against gypsy moth larvae in cooperation with
the Research Department, Abbott Laboratories, North Chicago, IL.
Gypsy moth larvae are used in research on the possible alteration of
host-plant quality by air-borne pollutants such as ozone. The larvae are
used in food-preference tests to assess the impact of different
concentrations of ozone on white oak foliage.
Parasitic wasps which attack gypsy moths are reared in living gypsy
moths for possible future release in Illinois. One species, Apanteles
melanoscelus, attacks young larvae while the second, Ooencrytus kuwanai,
attacks gypsy moth eggs. Both wasp species are also used in research on
the interactions between parasitoids and pathogens of the gypsy moth.
Thus, in addtion to use in the educational programs, the gypsy moth
culture at the INHS provides live material for the rearing of parasitic
insects which may later be a vital part of an Illinois Integrated Pest
Management Program, and supplies research animals for the majority of the
projects now being conducted.
000 PATHOGENS OF THE GYPSY MOTH 00D0000000000000000
Several naturally-occurring pathogens have been reported from the gypsy
moth in North America, but by far the most important is the nuclear
polyhedrosis virus (NPV). NPV infections are often found in gypsy moth
populations. NPV is frequently an important mortality factor when gypsy
moth populations reach outbreak levels. Several species of fungi have been
recovered from gypsy moths in North America, but were present at very low
levels and probably represent secondary infections. Microsporidia have
never been reported from North American gypsy moth populations but are
important as naturally occurring regulators of other insect species in
North America. In Europe and Asia, the native home of the gypsy moth,
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several species of microsporidia have been recovered and are reported to
play an important role in the population dynamics of the insect.
Because no studies have been conducted in North America on
microsporidia as mortality factors of the gypsy moth, the major portion of
our studies on pathogens involves this group. We have a well-established
facility for the study of insect microsporidia.
We are also conducting studies on virus diseases of the gypsy moth, and
Bacillus thuringiensis, the spore-forming bacterium. Because much research
has been and is being conducted on the NPV by scientists in the eastern
states, we will be concerned with NPV only as it relates to our other
studies, or if it has a potentially unique role in Illinois.
THE EFFECT OF MICROSPORIDIA ON GYPSY MOTHS
Our initial objective was to determine which microsporidia from our
collection of viable spores were infectious to gypsy moth larvae.
Subsequent observations were to determine how these microsporidia affect
gypsy moths. Acute mortality, tissues infected, effect on larval
development, and mechanism of transmission were investigated.
At intervals, 16 species of microsporidia from our collection were fed
to newly-hatched gypsy moth larvae by placing spores on the surface of
gypsy moth artificial diet. The exact number of spores was not determined,
but at least 106 spores were placed on the surface of each diet cup. The
larval instar was recorded weekly for all larvae fed microsporidian spores
and for control larvae. Each week at least one larva was removed and
examined for the presence of microsporidian infections. Examination were
continued until all individuals died as larvae or adults. All body tissues
were checked for the presence of infection by phase contrast microscopy.
Permanent Giemsa-stained slides were made of each infected tissue, and
small pieces of infected tissue prepared for examination with the electron
microscope.
Susceptibility and tissues infected: The infectivity of 16 species of
microsporidia to the gypsy moth and the tissues infected are summarized in
Table 2. The life cycles and ultrastructural features of these
microsporidia will be discussed in a later section of this report.
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TABLE 2.
Susceptibility of neonate gypsy moth larvae to
16 species of microsporidia.
TISSUE INFECTED
SPECIES OF MICROSPORIDIA
MIDGUT SALIVARY FAT BODY MALIPIGHIAN NERVE MUSCLES GONADSGLAND TUBULES TISSUE
V. heterosporium + + ++ + + - .-
V. lodlae - + + - - - - -
V sp. spingid + - + - ++ + +
V. sp. Alabama argillacea ++ + + + + + ++ +++ +
V. sp. Hiyphantriae cune1 - - + - - - -
V. p. Arazama + - ++ - +4+ +
V. sp. Utetheisa bella + ++ + + ++ +++ +
V, sp. Datana YNCM + + + - ++ - +
V. sp. slug caterpillar + + + - - 4 -
V, sp. army cutworm + +4 + - - - -
Nosema trichopluslia + + - - - - -
L. distrin + + + - - - -
MIcrosporidium p. odntera yJasjL - - + - - - -
M. distria sugar cane borer - - + - - - -
Pleistophora schubergl + - - - - - -
Nosema h1othii - - - - - - -
- no infection + infection ++ heavy infection +++very heavy infection
Mortality of infected larvae: When spore dosages exceeding 106 spores
per diet cup were fed to gypsy moth larvae, all species of microsporidia in
the genus Vairimorpha produced 100% larval mortality. Species in the
genera Nosema, Microsporidium, and Pleistophora seldom produce high levels
of mortality, even when fed at dosages exceeding 105 spores per diet cup.
Although comprehensive spore dosage experiments have not yet been
completed, dosage responses were obvious for many species. Heavy spore
dosages of Vairimorpha sp. utethesia bella caused 100% mortality 10 days
after being fed to first-instar larvae, while 100% mortality did not occur
until 79 days when much lower spore dosages were fed (Fig. 3). Similar
responses were seen in some of the other Vairimorpha species.
Effect of infections on larval development: Two microsporidia,
Vairimorpha sp. alabama arsellacease and V. sp. utethesia bella
modified the developmental cycle of the gypsy moth by stopping development
in the late larval stages. Infected larvae never pupated, but died as
fully developed larvae. Figure 4 shows this effect for V. sp. utethesia
bella.
Transovarial transmission: Most of the microsporidia that are
effective as naturally-occurring mortality factors in insect populations
are transmitted from infected females to their offspring. Thus, it is
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extremely important to determine which of the microsporidia that are
infectious to the gypsy moth are transovarially transmitted. To determine
the extent of transovarial transmission we have obtained egg masses from
adult females infected with the microsporidia listed in Table 2. These egg
masses are now in diapause, and the larvae will be examined for the
presence of microsporidian infection soon after the eggs hatch.
Serial passages: Pathogens often increase in virulence when they are
passed through a new host for several generations. Several of the 16
microsporidia that infected the gypsy moth have now been passed through
gypsy moth hosts five successive times. Spores from the fifth passage and
from the original isolate will be bioassayed for virulence to the gypsy
moth.
BASIC STUDIES ON MICROSPORIDIA
Our studies on the microsporidia of the gypsy moth have provided us
an excellent opportunity to observe basic characteristics of the
microsporidia. It is essential that we be able to identify any
microsporidia which may later be introduced into gypsy moth populations.
Since most of the microsporidia we are testing are undescribed species, we
must fully characterize these microsporidia if we wish to later identify
them. We will also be able to examine the development of these pathogens
in the gypsy moth, a host very different from the original host. The
important microsporidian developmental features we are examining in gypsy
moths are: spore size and shape, tissues infected, life cycle, and
ultrastructural features of spores and vegetative forms of the pathogen.
Spore size and shape: Most of the spores produced in infected gypsy
moths were significantly shorter and more rounded than those produced in
the original host. There was also more variability in spore size and shape
and a much larger number of irreguarly-shaped spores in infected gypsy moth
larvae (Fig.5).
Tissues infected: Some of the most interesting phenomena observed in
these experiments were the differences between the tissues infected in
original hosts and in the gypsy moth. Tissues never invaded by the
pathogen in the original host were often heavily infected in the gypsy
moth.
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Figure 5. Spores of Nosema disstriae from its original host, the forest tent caterpillar (A),
and from infected gypsy moth larvae (B). Note that spores from the gypsy moth are round
while spores from the original host are more elongate.
O 26 E
Life Cycles: The life cycles, or the manner in which nuclear and cell
division occur in the vegetative multiplication of microsporidia, have been
and are being studied in all of the microsporidia that infect the gypsy
moth. No significant differences have been observed between life cycles in
the original hosts and in the gypsy moth.
Ultrastructural features: Microsporidian spores have many very
significant ultrastructural features. A longitudinal section through
Vairimorpha sp., obtained from an infected gypsy moth larva is shown in
Figure 6 . The ultrastructural features of all of the microsporidia
infecting the gypsy moth have been examined. Other than the size
differences mentioned earlier, no significant ultrastructural differences
have been observed between microsporidia in infected gypsy moths and in
their original insect hosts.
STUDIES ON BACILLUS THURINGIENSIS
There are many strains or serotypes of Bacillus thuringiensis (Bt),
and new ones are constantly being found. Most strains have not been tested
for their activity against gypsy moth larvae. In cooperation with Abbott
Laboratories, North Chicago, Illinois, we are bioassaying strains of Bt
that are suspected to have an increased activity against the gypsy moth.
Cultures of different Bt strains experimentally produced in small
quantities were provided by Abbott Laboratories. Using bioassay
techniques, the relative virulence of these strains against the gypsy moth
was determined.
The results of these experiments are given in Tables 3 and 4. These
preliminary studies suggest several trends in both time and rate of
mortality. Additional experiments are planned to further elucidate these
trends. W
O CO DISPERSAL OF MICROSPORIDIAN SPORES
BY BIRDS AND MAMMALS OOQOO- OOOE-OOOO COOO-•-D OOO QOOODODDD
Studies in the eastern United States have shown that certain
predaceous birds and mammals are effective in disseminating the NPV virus
in gypsy moth populations. These predators eat infected larvae and pass
viable NPV through their feces to healthy gypsy moth larvae.
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Figure 6. An electron micrograph of an immature microsporidian spore from an infected
gypsy moth larva. The spore in this photograph is magnified approximately 30,000 times.
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TABLE 3. Relative activity of 6 different strains of Bacillus
thuringiensis expressed as percent mortality against the gypsy
moth. Each treatment contained 2 replicates, each with 5
neonate gypsy moth larvae.
Bacillus thuringiensis
Strain
HD-1
HD-243
HD-263
(8041)
Spores/ml of
Gypsy Moth Diet
1.58
7.9
3.95
1.97
9.87
5.13
1.06
5.3
2.65
1.32
6.62
3.44
1.39
6.69
3.35
1.70
8.75
4.63
2.16
1.08
5.4
2.7
1.35
7.02
1.22
6.1
3.05
1.52
7.62
3.96
1.41
7.04
3.5
1.76
8.8
4.4
NRD 10A
NRD 12A
NRD 15
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
107
106
106
106
105
105
107
106
106
106
105
105
107
106
106
106
105
105
107
107
106
106
106
105
107
106
106
106
105
105
107
106
106
106
105
105
% Mortality - hrs.
24 48 72 120
10
0
0
0
0
0
30
10
0
0
0
0
10
10
10
0
0
0
30
0
0
10
0
10
30
0
20
0
0
0
10
30
10
10
0
0
100
100
100
80
60
20
90
90
80
60
60
0
100
80
100
30
70
20
100
100
100
100
70
30
100
100
80
50
40
50
100
70
70
60
50
40
100
100
100
80
100
90
100
100
100
60
100
20
100
100
100
100
100
70
100
100
100
100
100
80
100
100
100
90
80
90
100
100
100
100
100
90
100
100
100
100
100
100
100
100
100
100
100
50
100
100
100
100
100
60
100
100
100
100
100
90
100
100
100
90
90
100
100
100
100
100
80
90
0 0 0Untreated
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Relative activity of 6 different strains of Bacillus
thuringiensis expressed as percent mortality against the gypsy
moth. Each treatment contained 5 one-day old gypsy moth
larvae.
Bacillus thuringiensis
Strain
HD-1
HD-243
HD-263
(8041)
NRD 10A
NRD 12A
NRD 15
Spores/ml of
Gypsy Moth Diet
1.58
7.9
3.95
1.97
9.87
5.13
1.06
5.3
2.65
1.32
6.62
3.44
1.39
6.69
3.35
1.70
8.75
4.63
2.16
1.08
5.4
2.7
1.35
7.02
1.22
6.1
3.05
1.52
7.62
3.96
1.41
7.04
3.5
1.76
8.8
4.4
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
107
106
106
106
105
105
107
106
106
106
105
105
107
106
106
106
105
105
107
107
106
106
106
105
107
106
106
106
105
105
107
106
106
106
105
105
% Mortality - hrs.
24 48 72 120
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
20
0
0
Untreated
40
60
0
40
0
0
20
0
40
0
0
0
40
0
20
0
0
0
20
0
0
0
0
0
20
40
0
0
0
0
40
60
40
40
20
20
80
80
60
80
0
20
100
60
80
0
0
0
100
60
60
0
20
0
100
100
100
60
0
0
100
80
40
60
0
0
100
80
80
100
60
20
0 0
100
100
100
100
100
80
100
100
100
100
100
80
100
100
100
40
20
20
100
100
100
100
100
0
100
100
100
100
20
40
100
100
100
100
100
100
0 0
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TABLE 4.
We conducted the following preliminary experiments to determine if a
similar phenomenon was possible with microsporidia of the gypsy moth.
Large dosages of microsporidia were fed to house sparrows and white-footed
mice. Sparrows were fed insect diet containing microsporidian spores, and
mice were fed heavily-infected caterpillars. Four hours after feeding the
microsporidium, feces were collected from the test animals and found to
contain microsporidian spores. Spores from these fecal samples were
subsequently bioassayed by feeding to susceptible insect larvae. These
larvae developed heavy infections of the microsporidium, indicating that
microsporidia can pass through the digestive tracts of the animals and
remain infectious. Further studies are planned to determine the
epidemilogical significance of this phenomenon.
0O0 PREDATORY BEETLES OD3 C00000D3OOOOOOOOOO0OOD
Predatory beetles of the genus Calosoma (Family:Carabidae) have long
been known as significant predators of gypsy moth larvae and pupae in
Europe. In particular, Calosoma sycophanta, which has been introduced and
established in New England, has received considerable attention as a
biological control agent. In Illinois, we have several species of native
Calosoma which prey on caterpillars and could play a role in keeping gypsy
moths at manageable levels. Our initial research involves an assessment of
the abundance and population dynamics of Calosoma spp. in Illinois.
Studies are currently underway in the Shawnee National Forest in southern
Illinois and in Champaign County. In Shawnee National Forest we are
surveying the species and their seasonal histories, and collecting live
insects for laboratory cultures. At Trelease Woods in Champaign County a
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An adult ground beetle, Calosoma scrutator, feeding on a mature gypsy moth caterpillar.
release-recapture experiment is underway to determine seasonal abundance,
species composition and longevity of individual beetles. We also have
light traps at three locations in Champaign County to collect live material
for the cultures. Rearing facilities for CaLosoma have been designed and
will be ready for use by the fall of 1983.
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000 PARASITOID WASPS 000•0:•0 DO0010 EI-D DDOD OO
Apanteles melanosceLus is a wasp, which in its immature stage, is a
parasitoid of the gypsy moth larva. A. melanoscelus was imported into the
U.S. from Europe in the early 1900's and is now established throughout the
range of the gypsy moth in the eastern U.S.
A colony of A. melanoscetus, obtained from the Pennsylvania Bureau of
Forestry, is being maintained on gypsy moth larvae in our laboratory at
Champaign. The parasitoids are available for research and for possible
future release for gypsy moth control in Illinois.
Gypsy moth infestations in Illinois result from accidental
introductions of egg masses or pupae, often on camping equipment or
vehicles. Because of this means of introduction, larval parasitoids such
as A. melanoscelus are unlikely to arrive in Illinois with the gypsy moth.
It may therefore be important to establish the parasitoid in the state as a
biological control agent as part of an integrated pest management (IPM)
program. Various species of microsporidia may also be part of such a
program, and therefore, we must know if A. melanoscelus will be compatible
with microsporidia. Important questions include: Can A. melanoscetus
develop in gypsy moth larvae infected with microsporidia, is development of
the parasitoid either slowed or accelerated in infected gypsy moth larvae,
and can A. metanosceLus transmit the pathogen from an infected gypsy moth
larva to a healthy one?
To date, one preliminary experiment has been completed. An
undescribed microsporidian species in the genus Vairimorpha, obtained from
the cotton ieafworm (Alabama angillacea), was fed to gypsy moth larvae.
After infection had been established, adult A. melanoscetus were allowed to
oviposit in the infected larvae. After development was completed, a sample
of emerging wasps were examined for the presence of micropsoridia, and
another sample were allowed to oviposit in healthy gypsy moth larvae.
These gypsy moth larvae were subsequently checked for the pathogen.
No microsporidia were found in either the adult wasps or the gypsy
moth larvae, indicating that A. melanoscelus apparently does not transmit
this microsproidium. However, the wasp can develop in infected gypsy
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moths, suggesting that these two biological control agents would be
compatible for use in an IPM program. Further research is planned to
examine whether other factors such as adult longevity, fecundity, and sex
ratio of A. melanoscelus are affected by infection of the host with
microsporidia. Similar tests are also being conducted with other
microsporidian species.
Ooencyrtus kuwanai is an egg parasitoid of the gypsy moth, introduced
into the United States in 1909. Currently, the wasp is established
throughout most of the range of the gypsy moth in the eastern United State.
We have established a colony of this egg parasitoid because it is is
effective in reducing gypsy moth populations in some areas in the eastern
U.S. Adult wasps were obtained from the USDA APHIS Laboratory at Otis Air
Force Base, Massachusetts. We plan to investigate the role of this
parasitoid in the disseminiation of microsporidian diseases.
0. ku•anai and A. melanoscelus will be released in gypsy moth infested
areas in Illinois when 1) the Illinois Department of Agriculture ends its
erradication programs or designates a non-spray area and 2) when gypsy moth
populations become large enough to assure successful establishment of the
parasitoids.
OOO PARASITIC NEMATODES D 00000000000000000000000
Neoaplectanid nematodes parasitize and kill many pest insects. One
species, Neoaplectana carpocapsae, attacks 250 different species of
insects. The safety of neoaplectanid nematodes toward non-insect hosts is
well established. Because neoaplectanid nematodes are killed by direct
sunlight or dessication, their use for gypsy moth control may be limited to
special situations. A culture of a neoaplectanid nematodes has been
established in our Champaign laboratory and preliminary experiments show
that it kills gypsy moth larvae. Studies on how these nematodes might be
used in gypsy moth control programs are underway.
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000 AIR POLLUTION STUDIES 00000000000000000000000
Several air pollutants such as ozone and sulfur dioxide are frequently
present in relatively high levels near industrial sites. These pollutants
often pose serious problems for vegetation and warmblooded animals.
However, most air pollution research has examined plants for their
susceptibility and sensitivity to pollutants. Relatively little research
has been conducted that deals with the pollution-altered susceptibility of
plants to insect attack. The evidence indicates that chronic exposure to
pollutants weakens plants and plays an important role in plant-herbivore
interactions. The initial phase of a project which will investigate the
effect of ozone, an important air pollutant in industrial areas and large
cities, on susceptibility of shade trees to gypsy moth attack is nearly
completed.
The direct effects of these pollutants on insects is also a largely
unexplored area of research. Additional experiments were conducted to
determine how ozone affects the gypsy moth.
All air pollution studies were conducted in cooperation with Dr. A. G.
Endress. Dr. Endress, Section of Botany, INHS, designed the nine pollution
exposure chambers used in these studies. The concentration of the air
pollutant in each chamber can be adjusted independently.
EFFECT OF AIR POLLUTANTS ON SUSCEPTIBILITY OF TREES TO
GYPSY MOTH ATTACK
White oak seedlings were exposed 11 times to three different
concentrations of ozone at irregular intervals over a one-month period for
a total of 77 hrs. There were three treatment levels: 1) non-filtered
ambient air, 2) ambient plus 6 parts per hundred million (pphm) ozone, and
3) ambient plus 12 pphm ozone. Third instar gypsy moth larvae, starved for
six hours, were used to assess feeding preference. Preference tests,
initiated 0, 5, and 10 days after the last ozone exposure, were conducted
using leaf discs. The trials were done in arenas where larvae were
provided with choices between leaf discs from plants exposed to 1) ambient
air (AA) vs. 6 pphm ozone, 2) AA vs. 12 pphm ozone, 3) 6 pphm ozone vs. 12
pphm ozone. Larvae were allowed to feed on the leaf discs for 18 hours,
after which the area of each disc remaining was measured. Preferences were
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calculated using the formula: leaf area remaining for concentrations
indicated in numerator divided by leaf area remaining for concentrations
indicated in the denominator, for the following combinations:
AA AA and 6 pphm
6 pphm , 12 pphm 12 pphm.
A value of 1.0 indicates no preference; values greater than 1.0 indicate
preference for the ozone concentration indicated in the denominator; values
less than 1.0 indicated preference for the ozone concentration indicated in
the numerator. The results of this experiment are shown in Table 5.
The test results have not been completely analyzed, but the
preliminary data indicate a complex set of interactions, and further tests
are necessary to interpret these data.
Table 5. Feeding preference values of gypsy moth larvae for
ozone-stressed and unstressed white oak leaves.
PRFRNC TEST DAYS AFTER FINAL
PREFERENCE TEST OZONE EXPOSURE
5COMBINATIONS 10
AA, 6pphm + 0.99 0.85 0.93
AA, 12pphm ÷+  1.10 1.02 1.06
6pphm, 12pphm +++ 1.03 1.49 1.09
* AA= foliage exposed to ambient air only
6pphm foliage exposed to 6 parts per hundred million ozone
12pphm=foliage exposed to 12 parts per hundredmillion ozone
Feeding preference values were calculated as follows:
leaf area remaining after feeding on leaf discs exposed to, AA AA+ +  6pphm +++
leaf area remaining after feeding on leaf discs exposed to 6pphm 12 pphm 12pphm
DIRECT EFFECTS OF AIR POLLUTANTS ON THE GYPSY MOTH
Special holding cages for insects were placed over the exhaust ports
of the nine pollution exposure chambers. In each experiment 10 gypsy moth
larvae and 10 beet armyworm larvae per chamber were tested. The nine
chambers were adjusted to give nine different ozone concentrations. Two
exposure experiments for ozone were conducted, one for eight hours and one
for twenty-four hours. The ozone concentrations for these experiments are
listed in Table 6.
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TABLE 6. Ozone concentrations to which fourth instar gypsy moth larvae
were exposed. Mortality was recorded one day after exposure, at
pupation, and at adult emergence. No significant mortality occurred in
any stage of the gypsy moth as a result of ozone exposures.
Ozone concentration(ppm) Ozone concentration(ppm)
8-hour exposure 24-hour exposures
.05 .007
.10 .075
.15 .110
.20 .167
.30 .300
.40 .500
.50 .530
.60 .700
.70 .900
Even at the highest concentration of 1 ppm there was no acute
mortality. Gypsy moth and beet armyworm larvae were reared to pupation and
larval growth rates monitored during this time. There were no significant
difference in the growth rates of larvae from any of the ozone exposure
levels.
Ozone levels of 1 ppm are rarely, if ever, found in the atmosphere,
even in highly polluted areas of the country. Thus, the highest ozone
levels encountered in North America probably do not directly affect larval
mortality or growth rates of the gypsy moth. We are in the process of
examining the effects of ozone on adult fecundity and longevity.
w
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FUTURE PLANS
000 MULTI-MEDIA PROGRAMOOODOOOOOOOOOOOOOOOOOOOO
The multi-media program on the gypsy moth will be converted fromn 35mm
to superslide format to increase its flexibility and audience impact.
Movie footage of severe gypsy moth infestations in Pennsylvania, filmed
during the summer of 1983, may be incorporated into the program.
000 DISTRIBUTION OF IDENTIFICATION MOUNTS 00000000000000
Approximately 150 of the gypsy moth display mounts will be completed
and distributed by 1984. All county extension agents, district foresters,
and municipalities with gypsy moth infestations will then possess proper
identification materials. These mounts should prove an invaluable aid in
the overall gypsy moth program for Illinois.
000 MASS PHEROMONE TRAPPING AND MONITORING SURVIVAL OF
OVERWINTERING EGGSOOOOOOOOOOOOOOOOOOOOOOOO
In cooperation with the Illinois Department of Agriculture, survival
of overwintering eggs will be monitored and mass pheromone trapping
experiments will continue each year.
000 FOREST RISK ASSESSMENT 000000000000000000000
As more Illinois Forest Inventory Data (IFIDAP) become available, the
risk assessment will continue until all state and privately owned forests
in Illinois have been classified. Plans are also underway to obtain
information on risk assessment parameters for the Shawnee National Forest
in southern Illinois. These data are in a very different form from
IFIDAP, but we hope to be able to adapt and incorporate them into the
Illinois risk assessment model. A scientific paper will be presented in
Detroit, Michigan, in December at the meeting of the Entomological Society
of America. The paper will outline the Illinois forest risk asssessment
model.
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000 PATHOGENS DDDDDDDDD000000000000000000000000000000
Our work with pathogens will continue. We will further characterize
the effect of the 16 microsporidia that infect the gypsy moth. Additional
experiments include bioassays to determine what spore dosages are required
for infection and/or mortality, and how these different spore dosages
influence growth rate, fecundity and behavior.
Research workers in Europe will be contacted for the possible
acquisition of microsporidia indigenous to those areas. Additional
species of microsporidia will be tested for their infectivity to the gypsy
moth, and promising pathogens will be additional subjects for the
experiments described above. The effect on the gypsy moth of combinations
of several microsporidian species as well as combinations of microsporidia
with other pathogens will also be investigated.
Our ultimate goal is to introduce these pathogens into
naturally-occurring, high-density gypsy moth populations. While field
introduction is not possible at this time in Illinois, we have plans to
create a controlled, simplified ecosystem into which we can introduce,
observe and test these different pathogens. We hope this artificial
ecosystem will allow us to learn more about some of the behavioral
characteristics of the gypsy moth as they relate to transmission of
pathogens and the interrelation of pathogens with other biological control
agents such as predators and parasitoids.
Our collaboration with Abbott Laboratories on developing Baciltus
thuringiensis isolates that are more virulent toward the gypsy moth will
continue. Such parameters as total mortality, time required for mortality
to take place, effect on developmental rate, and interaction with other
biologicial control agents will be examined. Currently-available strains,
modified through genetic engineering, will be included in our experiments.
000 PREDATORY BEETLES 0000000000000000000000000
Calosoma and Microsporidia: The ability of Catosoma spp. to transmit
microsporidia within gypsy moth populations will be investigated. Adult
beetles will be fed infected larvae and subsequently checked for
infections. The beetle feces will be analyzed for viable micropsoridian
spores. If the pathogens remain viable after passing through the gut, the
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beetles could be used to introduce microsporidian spores into natural
gypsy moth populations. Calosoma behavior: We are currently designing
experiments to test the effectiveness of several Calosoma species native
to Illinois as gypsy moth predators. Behavioral studies will focus on how
the beetles feed, the effect of caterpillar density on predation, the
height to which beetles climb to find prey, and the general searching
behavior of the various species. Overwintering biology will also be
investigated.
000 PARASITOID WASPS 00000000000000000000000D00
We will continue to rear both Apanteles melanoscelus and Ooencyrtus
kuwanai for possible future release into Illinois. Research on the
interactions between A. melanoscelus and microsporidia which infect the
gypsy moth will continue. Studies will be conducted to determine if
0. kuwanai plays a role in the dissemination of micropsoridian spores.
000 PARASITIC NEMATODES 00000[0000D0DD OOOOOOOOD
Experiments are being designed to investigate the effects of
parasitic nematodes on other biological control agents of the gypsy moth.
Information gained from this research will help determine if nematodes
will have a role in an integrated pest management program for Illinois.
OOD AIR POLLUTION AND TREE SUSCEPTIBILITY TO
GYPSY MOTH ATTACK 000•D000OOOD000000000000
Analysis of results of the initial studies will provide direction for
future research. One possibility is a study of the effect of pollution-
stressed host plants on gypsy moth development. Another possibility is to
examine whether exposure to pollutants may alter the feeding behavior of
the gypsy moth on non-preferred plants.
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CONCLUSION
The mandate from Governor James Thompson in 1982 established the Gypsy
Moth Working Group. The first year has seen many advances towards
implementation of a sound gypsy moth IPM program. Educational programs
have been developed and will be refined and presented to the people of the
State of Illinois in order to increase their knowledge and awareness of the
gypsy moth. In addition, many areas of research on the gypsy moth have
been initiated that will lead to ecologically sound control methods.
Continued support and cooperation among all agencies involved in the
program will certainly lead to a rational approach to the gypsy moth in
Illinois.
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A pamphlet describing the gypsy moth multi-media program and how
to arrange for its presentation is made available to interested
parties within Illinois.
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w Ie have a new guest invAI Illinois. albeit uninvited:
the gypsy moth." said
Dr. Michael R. Jeffords. assistant
professional scientist at ENR's Natural
History Survey division, in a presen-
tation at the annual meeting of the
Garden Clubs of Illinois. Inc. "We re
not going to eradicate the gypsy moth.
from Illinois. so we will have to lteam
to coexist with it and avoid the major
problems the pest has caused in the
eastern U.S."
Jeffords presented this assessment
of the emerging gypsy moth problem
as he introduced, for the first public
showing, a multi-media program en-
titled "The Gypsy Moth: A Threat to
Illinois Trees." The presentation was
given for the garden clubs' meeting
in Schaumburg.
The multi-image slide and sound-
narration program was prepared by
the Natural History Survey to meet
one of three objectives set for ENR's
eight-month-old research and educa-
tion project on the gypsy moth. "We
are trying to educate the public re-
garding the gypsy moth problem," Jef-
fords said. "In the East. the public
is not well informed and this has
contributed to the seventy of the prob-
lem."
A second objective of the project is
to gather data needed to project how
much harm the gypsy moth potentially
could cause in Illinois. In this area.
the Natural History Survey, along with
the departments of Agriculture and
Conservation, is evaluating Illinois
forests for susceptibility to attack by
the gypsy moth caterpillar, which can
rapidly defoliate large numbers of
trees.
Finally, the project is seeking ways
of suppressing gypsy moth popula-
tions. Here Illinois has an advantage.
according to Dr. Jeffords. "In the east-
em states, outbreaks of gypsy moths
are so severe that they're always fight-
ing fires. trying to control whole
populations of gypsy moths.
"In Illinois, the numbers are low
enough that we can conduct research
into the ecology and biology of the
gypsy moth." he explained. "We can
identify and introduce natural pred-
ators. parasites and diseases which
will help suppress populations and
keep them at manageable levels, and
we can educate the public without
the complications of a crisis."
The gypsy moth arrived in the United
States in 1869. when a Massachusetts
entrepreneur imported it for a silk
production venture. The scheme
failed, but in the process several
moths escaped. The moth spread
slowly westward over the years and
first reached Illinois in 1973. In 1981,.
the gypsy moth was found in 84 com-
munities in 14 Illinois counties.
Each female moth can produce up
;o 1,000 eggs per year. The caterpillar
phase of this pest attacks forest and
urban trees and shrubs, and large
populations can kill or damage great
numbers of plants.
illinois
resources
Illinois Department of Energy and Natural Resources
Director Michael B. Witte Governor James R. Thompson
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ENR undertakes gypsy moth project
Ironically, it was the increasing mo-
bility of Americans which greatly ac-
celerated the natural spread of the
gypsy moth, according to Jeffords.
Employees transferred by their firms
from the eastern U.S. often bring
possessions they otherwise would
leave behind, since the companies
pay for the move. "They bring picnic
tables, nursery stock, even firewood,
to which gypsy moth eggs often are
attached," he said.
In heavily infested areas, female
moths will lay their eggs on camping
vehicles, cars and other non-wood
oblects, so recreational travel to in-
fested areas also contributes to the
growing mobility of the gypsy moth.
The frequent movement of Americans
also means that fighting the moth is
an ongoing battle. Gypsy moth popula-
tions could be eradicated if they were
isolated. but new individuals constantly
are introduced into Illinois by travelers
and new residents.
Currently the gypsy moths cause prob-
lems in Illinois mostlyv in urban areas.
where they find the desired species
of trees and where conditions are
favorable for their survival. A pre-
liminary survey of Illinois forests also
suggests that large tracts of trees
could be susceptible to attack if the
gypsy moth population increases.
ENR has applied to the U.S. Forest
Service for a S31.460 grant to conduct
a more detailed evaluation of Illinois
forests to pinpoint areas of high risk
so preventive actions can be directed
efficiently.
Until recently, gypsy moth control ef-
forts in Illinois were limited primarily
to the spraying of chemical insec-
ticides. However, it is known that the
moths also are vulnerable to a number
of natural controls. Dr. Jeffords
explained that the gypsy moth project
will focus closely on identifying those
predators. parasites and diseases
which prey upon the gypsy moth.
"Some species of mice, birds and
beetles feed on gypsy moths," he said.
There also are wasps and flies which
lay their eggs in the caterpillars of
the moths, with fatal results.
"We know of viruses which attack
only gypsy moth caterpillars and a
few related species of insects. The
virus grows in the body of the caterpil-
lar. which stops feeding and dies.
This is a major cause of the collapse
of outbreak populations."
There are certain bacteria which are
effective in controlling gypsy moth
populations, and Natural History Sur-
vey scientists are evaluating strains
which may prove more effective in
controlling the caterpillars.
"Insecticides have been used for
gypsy moth control since the 1890s.
but they caused serious and often
unexpected problems." said Jeffords.
"We're turning to integrated pest
management practices - including the
introduction of predators, parasites
and diseases. When these are com-
bined with the careful use of pes-
ticides, all will help to suppress and
control the gypsy moth."
The gypsy moth research program,
funded this year at $190,000, will ide-
ally produce effective methods of
keeping gypsy moth populations at
acceptable levels. But should large
outbreaks occur. the project's results
may include measures for suppressing
gypsy moth populations. Of equal
importance, an educated public will
be aware of a varied program utilizing
a combination of natural and chemical
controls. '.
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The Gypsy Moth:
A Potential Threat to Illinois Forests
by Michael R. Jeffords, Dr. James Appleby
and Karen O'Hayer
F R OVER a century
the gypsy moth has been a
major pest of forest and shade
trees In the Northeastern
United States. The moth Is a
native of Europe and was
originally imported into
Massachusetts from France in
1869 as a possible source of silk.
The moth escaped and within a
dozen years noticeable tree
defoliation occurred In the
region around the original
escape site. Since 1900, millions
of dollars have been spent on
control efforts to eradicate the
gypsy moth, or to prevent Its
spread, yet the moth has moved
slowly westward Into Penn-
sylvania, Ohio, Michigan and
Illinois. The first gypsy moth
was found in Illinois in 1973, but
by 1981, the moth was found in
84 communities in 13 Illinois
counties.
WHAT IS THE LIFE CYCLE
OF THE GYPSY MOTH?
The gypsy moth has four life
stages - egg, larva (cater-
pillar), pupa and adult (moth).
Eggs are laid in light brown
clusters densely covered with
hairs from the female's ab-
domen. Egg clusters may
contain from 75 to 1000 eggs and
are usually laid near the
ground or on protected sites on
trees. The female moths often
choose a variety of sites for egg
laying - tree trunks, stumps,
fence posts, bird houses,
woodpiles, automobiles, etc.
The tiny caterpillars hatch
from the egg cluster in late
April or early May and crawl
upward into trees and begin
eating foliage. These young
larvae are about 3 inch long at
hatching and will eventually
reach2 % Inches in length. With
a little practice the full grown
caterpillar is relatively easy to
identify from photographs or
preserved specimens. The
larvae stop feeding in late June
or early July and seek
protected places to pupate. The
pupal case is tear-drop shaped
ABOUT THB AUTHORS: Michael R. Jeffords is a n assistant entomologist conducting research
on the important aspects of gypsy moth biology and directs the public education program. Dr. James
Appleby is an entomologist involved in research on ornamental and shade tree Insects and is overall
program co-ordinator. Karen O'Hayer is researching the possibility of raising and releasing beneficial
parasites of the gypsy moth into Illinois. Al three work for the Illinois Natural History Survey.
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on a tree in BJdtm Pernylvanod. ZacRh egg
mas has from 758 * 1000 eggs.
and dark brown with loose
hairs and a few strands of silk
attached. Adult moths emerge
from the pupae about two
weeks later. Male moths are
brown and have a wingspan of
1% Inches, while the larger
female has mostly white wings
with a wingspan of 2 inches.
Male moths fly readily but
females cannot and remain
near the pupal emergence site.
Females attract the male by a
powerful sex lure called a
pheromone. The chemical is
dispersed in the air and the
male follows the scent trail
using its antennae to detect the
presence of pheromone. After
mating and depositing a single
egg mass, the female dies. The
eggs lay dormant overwinter to
begin a new life cycle of the
moth. Due to the potentially
large number of eggs in an
individual egg mass, larval
numbers can increase very
rapidly.
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HOW DOES THE
GYPSY MOTH SPREAD?
Because the female gypsy
moth cannot fly, dispersal must
be by the immature stages. In
localized areas, spread Is
caused by the larvae either
crawling to adjacent host
plants, or being blown by the
wind. Young larvae spin silken
threads, from which they hang,
and these may be picked up by
the wind and carried for
distances ranging from several
feet to several miles. Long
range dispersal of the gypsy
moth is greatly facilitated by
man and his mobile society.
Female moths prefer to lay
their eggs in protected places,
but during outbreaks they lay
egg clusters just about
anywhere. Egg masses and
sometimes pupae are often
attached to moveable objects:
automobiles, campers, lawn
furniture, etc. Tourists,
ILLINOIS Magazine
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especially those that camp, are
often sources for new in-
festations of the gypsy moth.
The westward spread of the
gypsy moth is more
pronounced when high
population levels exist in the
Eastern U.S.
WHAT ARE THE
BEHAVIOR PATTERNS
OF GYPSY MOTH LARVABE
Young larvae remain on the
undersides of foliage, on small
twigs or in bark crevices during
the day. Because of their small
size they are extremely dif.
ficult to detect. Larger larvae
feed mostly at night and tend to
congregate in sheltered places
during the day. They often
leave trees that do not offer
suitable hiding places and
wander to rubbish heaps,
woodpiles or man-made
structures adjacent to trees.
WHICH AREAS ARE MOST
SUSCEPTIBLE AND
WHAT TREES ARE
MOST OFTEN ATTACKZD?
Many complex factors in-
fluence a forest's suscep-
tibility. Most critical is the
forest composition. Over 500
species of plants serve as hosts
for the gypsy moth, but it
greatly prefers oaks. A list of
favored and non-favored trees
is presented in Table 1. The
potential problem in Illinois
may be accentuated by the
relatively dry conditions
present throughout much of the
state. In other areas of the U.S.
the devastation caused by
gypsy moth larvae has been
most severe on either dry
habitats or sandy soil. Such
areas serve as a central point
from which infestations spread
to adjacent areas.
The degree of disturbance an
area has been subjected to can
have significant effects on
moth populations. Disturbed
sites often favor the tree
species most preferred by.
gypsy moths. Such sites also
provide numerous resting or
hiding sites for gypsy moth
larvae and generally harbor
May-June 1983
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only small populations of
natural enemies.
WHAT TYPE OF DAMAGE
CAN BE EXPECTEDF
The gypsy moth is capable of
causing massive damage to
natural and urban forests and
other areas with susceptible
trees and shrubs. Defoliation
caused by the voracious
feeding of gypsy moth larvae
can have profound effects on
trees. Defoliation deprives the
tree of its food-producing
systems and forces it to live off
its food reserves until new
leaves appear. When enough
leaves are eaten to cause
production of new leaves
(refollation) the tree has
suffered a tremendous strain.
The new leaves will be smaller,
lighter green and less capable
of producing sufficient energy
for the tree. This shortage of
energy effects the tree by: 1)
dieback of twigs and branches
occurs, 2) new twig growth
being less than normal, 3) twigs
sprouting on the older branches
Page 9
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Compariv4s of male and female antem•ae. Males are large ana feassery, femaesa are amaur
and not plvwufA@-3 | 4- .
Adult female moth (white)
and male (dark restsg on
trunk) prior to mating.
or trunks resulting in unsightly
trees for the home-owner, 4)
death of tree If this degree of
defoliation is repeated for
several years In succession.
Defoiated trees are more
susceptible to drought and
other stresses which a normal
tree could tolerate and are
more likely to succumb to
secondary Invaders, such as
wood-boring beetles and
pathogenic fungi. In fact,
beetles and fungus infections
are often the most important
mortality factors of defoliation-
stressed trees. This
vulnerability can last up to five
years after the initial
defoliation.
ILLINOIS MagazinePage 10
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In urban areas, gypsy moth
caterpillars are a major
nuisance when they occur at
outbreak levels. The larvae are
everywhere - crawling over
sidewalks, patios, lawn fur-
niture * leaving debris and fecal
material on automobiles and
houses. The strands of silk
produced by young larvae
make it most unpleasant to be
outside. Allergic reactions
resulting in skin rashes are
occasionally associated with
gypsy moth caterpillars in
residential areas where In-
dividuals come into frequent
contact with large numbers of
larvae.
HOW CAN THE
HOMEOWNER MANAGE
THE GYPSY MOTHf
There are two approaches the
homeowner can take to
minimize the impact of the
gypsy moth. One directly in-
volves the insect, the. other is
designed to improve the
growing conditions of trees
around the home.
DISCOURAGE GYPSY
MOTH SURVIVAL: Remove
objects that provide protection
and shelter for both larvae and
pupae. These include bark
flaps, dead branches, signs
nailed to trees and general
debris such as old tires and
boxes. Carefully inspect
buildings such as garages, tree
houses, woodpiles, etc. for egg
masses during the winter
months and contact county
extension officials if any are
found on or around your
property.
Burlap bands or skirts placed
around the trunks of preferred
species such as oaks can aid the
home-owner in detecting the
presence of gypsy moth larvae
before noticable defoliation
occurs. Larvae descending the
trunks early in the morning
remain under the burlap flap.
These flaps should be loose
fitting and placed about five
feet from the ground. One
should also be aware of the
many natural enemies that
prey on the gypsy moth. The
natural enemy complex,
May-June 1983
TREES CLASSIFIED AS TO THEIR SUITABILITY
AS A FOOD SOURCE FOR GYPSY MOTH LARVAE
White Oak
Swamp White Oak
Bur Oak
Post Oak
Scarlet Oak
Southern Red Oak
Shingle Oak
Pin Oak
Red Maple
Silver Maple
Sugar Maple
Serviceberry
Pignut Hickory
Shagbark Hickory
Hackberry
Eastern Redbud
Flowering Dogwood
Red Oak
Black Oak
Boxelder
Sweetgum
Apple
Hawthorn
American Basswood
II. INTERMEDIATE
Black Walnut
Red Pine
Eastern White Pine
Scotch Pine
Black Cherry
Eastern Hemlock
American Elm
Slippery Elm
IM. LEAST PREFERRED
White Ash
Black Ash
Green Ash
American Holly
composed of parasites,
predators and disease
organisms does not often
control the gypsy moth in
outbreak situations but can
keep sparse populations down
for a longer period of time,
extend the time period between
outbreaks and reduce the
severity of heavy infestations.
Animals that prey upon the
various gypsy moth life stages
include insect predators and
parasites (ground beetles,.
wasps and flies), mammals
(white-footed mice, shrews)
and birds (cuckoos, bluejays).
ENCOURAGE HEALTHY
TREES: Trees that are
stressed are more vulnerable to
attack by the gypsy moth and
other secondary pests. Keep
soil conditions favorable for the
development and survival of
tree rot systems. Avoid
damaging roots by nearby
construction activities (septic
tanks, ditches, etc.),. In
Yellow Poplar
American Sycamore
Sumac
Black locust
backyards where lawn and
forest meet, keep the forest
floor as natural as possible.
Layers of leaf litter keep the
soil moist and provide a home
for natural enemies of the
gypsy moth. In times of
drought, stressed trees can
benefit from watering, feeding
and prudent pruning to reduce
water loss.
WHAT DOES THE
FUTURE HOLDf
Based on the history of the
insect in other states, it seems
certain that Illinois will ex-
perience moderate to severe
gypsy moth outbreaks in the
future. However, outbreak
populations are not expected
for several years, giving
Illinois residents time to
acquaint themselves with the
gypsy moth's habits and with
methods they can use to detect
and help control this insect
invader.
Page 11
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The Gypsy Moth in Illinois
The gypsyi moth. a tremendously destruc-
tive tree pest. has now reached Illinois fromn
the northeastern United States. The moth
is often unintentionally transported to Illi-
nois by families moving to Illinois from in-
fested areas in the cast. The Illinois De-
partment of Agriculture is responsible for
monitoring the spread of this insect by
the use of gypsy imoth sex pheromone traps
for the detection of adult male moths. Illi-
nois Department of Agriculture personnel
have traps in all counties of Illinois.
The Illinois Natural History Survey
team of scientists and technicians, in coop-
eration with the Illinois Departmuent of
Agriculture. is using trapping data to as-
sess the future probability of outbreaks of
the gypsy moth. A high rmale moth trap
catch in a particular area indicates that
larvae of the gyisy nmoth ave Iten feeding
in that area for one or more years. Infested
areas are scouted extensively for gypsy
moth egg masses (during the autumn and
winter months by Illinois Department of
Agriculture's staff and when egg mnases
are found they are carefully collected and
either destroyed or tratnsported to the
Natural History Survey's quarantine labo-
ratory at Champaign. There the eggs are
examined for viability. parasites. and dis-
ease organisms. Only two percent of the
eggs in egg masses collected in March 1982
FEBRUARY 1983, NO. 224
were viable, and the high egg mortality
was attributed to the adverse winter cli-
mate of 1981-1982.
The first detection of .gypsy moths in Illi-
nois occurred in 1973 when two moths
were captured in Cook County and one
each in Rock Island. Saneamon. and Will
counties. The records on moth catches in
Illinois vary considerably from .year to vear
due to control programLs. climatic condi-
tions. number of traps used by the State
Department of Aericulture and the status
of the gypsy moth lxopulation in the north-
eastern lrtion of the United States. Se-
vere gy|psy moth outhreaks in eastern stats-
increase the chances of gyply moth egm
masses and pupae being unintenitioiallv
tiansported into Illinois. Cooperative stud-
ies with the Illinois Department of Agri-
culture will continue. since their help is
vital to our understanding of the Vypsy
inoth problem in the state.
TMM eOp GYPSv M1OTI
TRA 5O IM ILUMAON
BY T¥IANl
Graph shows rapid increase in num-
ber of gypsy moths in Illinois; drop
in summer of 1982 was caused by
severe winter weather of 1981-1982.
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